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1
ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the foreign priority benefit under
35 U.S.C. §119 of Japanese Patent Application No. 2006-
078024 filed on Mar. 22, 2006, the disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electric vehicle pro-
vided with a high-voltage power source and a low-voltage
battery.

2. Description of the Related Art

In general, an electric vehicle such as an EV (Electric
Vehicle), a HEV (Hybrid Electric Vehicle) and an FCV (Fuel
Cell Vehicle) is provided with a high-voltage battery for driv-
ing the vehicle and an assistant low-voltage battery (of 12V or
s0), as disclosed in JP2001-202980A, for example.

In a gasoline engine vehicle, an alternator supplies electric
power to a low-voltage battery. On the other hand, in an
electric vehicle, it is common that electric power is supplied
from a high-voltage battery (high-voltage power source) to a
low-voltage battery through a DC/DC converter. In such a
power supply system, even if electric power supply from the
low-voltage battery runs down or is shutdown, electric power
supply from the high-voltage battery through the DC/DC
converter is maintained, so that an electric control unit (ECU)
and a system including a high-voltage system can be kept
operating. Accordingly, the vehicle can be kept driving even
though output from the low-voltage battery runs down or is
shutdown during driving.

To the contrary, in a case in which the vehicle is in a still
state with an ignition switch thereof “ON”, in order to stop the
electric power supply from the high-voltage power source by
setting to be opened a contactor for a high-voltage system,
which is controlled with the electric power supply from the
low-voltage battery, it is required to stop both the electric
power supplies from the high-voltage battery and the low-
voltage battery.

In a conventional electric vehicle, in light of failing to
switch off the ignition switch when disassembling the body or
during a maintenance operation, it is required to shut down
the electric power supplies both from the low-voltage battery
and the high-voltage battery, along with an operation to con-
firm that both the electric power supplies are shutdown, which
makes the operations more tedious.

Therefore, to solve the above difficulties, it would be desir-
ableto provide an electric vehicle which facilitates operations
of ensuring shutdown of electric power supplies both from a
low-voltage power source and high-voltage battery and con-
firming the shutdown.

SUMMARY OF THE INVENTION

An aspect of the present invention provides an electric
vehicle including a high-voltage power source at least includ-
ing a first power source; a low-voltage battery that is supplied
with electric power from the high-voltage power source
through a converter; an auxiliary vehicle controller for con-
trolling a high-voltage contactor with electric power supplied
from the high-voltage power source through the converter
and/or with electric power supplied from the low-voltage; and
an electric motor driving with electric power supplied from
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the high-voltage power source. The high-voltage contactor is
connectedly provided between the high-voltage power source
and the auxiliary vehicle controller, and the auxiliary vehicle
controller controls the high-voltage contactor in such a man-
ner that the electric power supply from the high-voltage
power source is shut off if the electric power supply from the
low-voltage battery to the auxiliary vehicle controller is cut
off.

Other features and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the invention when taken in conjunction with the
accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an example of an
electric vehicle according to an embodiment of the present
invention.

FIG. 2 is a circuit diagram of an auxiliary vehicle control-
ler.

FIG. 3 is a perspective view showing a connection state
between a low-voltage battery and an auxiliary vehicle con-
troller.

FIG. 4 is a flow chart showing a controlling operation by
the auxiliary vehicle controller

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, with reference to attached drawings, descrip-
tions will be provided on an embodiment of the present inven-
tion.

FIG. 1 is a schematic diagram showing an example of an
electric vehicle V according to the embodiment of the present
invention. FIG. 2 is a circuit diagram of an auxiliary vehicle
controller 90. FIG. 3 is a perspective view showing a connec-
tion status between a low-voltage battery 30 and the auxiliary
vehicle controller 90. FIG. 4 is a flow chart showing a con-
trolling operation performed by the auxiliary vehicle control-
ler 90.

The electric vehicle V according to the present embodi-
ment is what is called “fuel cell vehicle (FCV)”, which
includes a fuel cell 10, a high-voltage battery 20, a low-
voltage battery 30, a high-voltage contactor 40, a voltage
control unit (VCU) 50, an electric motor 60, an inverter 70, a
DC/DC converter 80, the auxiliary vehicle controller 90, a
vehicle speed sensor 100 and an alert lamp 101, and so on.

The fuel cell 10 is solid-macromolecular type, and is con-
stituted by a plurality of stacked single cells, each of which is
created in such a manner that a proton-conductive exchange
membrane is sandwiched between an anode (fuel electrode)
and a cathode (air electrode), both of which are further sand-
wiched by conductive separators. A fuel tank 11 charged with
high purity hydrogen gas (hereinafter referred to as “hydro-
gen”) is connected with an inlet of the anode of the fuel cell
10, and an air compressor 13 is connected with an inlet of the
cathode thereof. The air compressor 13 serves for supplying
to the fuel cell 10 compressed air taken from the atmosphere.
Accordingly, hydrogen is supplied from the fuel tank 11 to the
anode of the fuel cell 10 and the air is supplied from the
compressor 13 to the cathode thereof, which causes an elec-
trochemical reaction, thereby to generate electric power.

When the fuel cell 10 generates electric power, hydrogen
ions generated by an action of catalyst on the anode permeate
the proton-conductive exchange membrane into the cathode,
and electrons move to the cathode through an external load
applied from the electric motor 60 or the like. The action of
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catalyst on the cathode enhances generation of water due to
reactions between hydrogen ions/electrodes and oxygen in
the air.

The high-voltage battery 20 serves as an auxiliary power
source of the fuel cell 10, which may be selected from a
battery such as a lead-acid battery, a nickel hydrogen battery
and a lithium ion battery.

The fuel cell 10 and the high-voltage battery 20 are con-
nected in parallel, and also connected with the electric motor
60, respectively. In the example of the embodiment of the
present invention, the fuel cell 10 and the high-voltage battery
20 constitute a high-voltage power source.

The low-voltage battery 30 may be, for example, a battery
of 12V which serves for supplying electric power to electric
apparatuses mounted on the electric vehicle V, and is con-
nected with the fuel cell 10 and the high-voltage battery 20
through the DC/DC converter (described later). The low-
voltage battery 30 may be constituted by a lead accumulator
or the like, which is commonly used in a gasoline engine
vehicle. A positive pole of the low-voltage battery 30 is con-
nected with the auxiliary vehicle controller 90 and other
components, and a negative pole thereof is connected with a
(vehicle) body Vs of the electric vehicle V through a battery
cable C, as shown in FIG. 3.

As shown in FIG. 1, the high-voltage contactor 40 includes
a high-voltage contactor for fuel cell 40A connected with the
fuel cell 10 and a high-voltage contactor for battery 40B
connected with the high-voltage battery 20. The high-voltage
contactor 40 serves as an electromagnetic switch for switch-
ing connections between the fuel cell 10 and the electric
motor 60 and between the high-voltage battery 20 and the
electric motor 60.

The voltage control unit (VCU) 50 serves for controlling
generated currents (electric power) taken out of a high-volt-
age power source such as the fuel cell 10 in accordance with
instructions on power generation sent from the auxiliary
vehicle controller 90 (described later).

The electric motor 60 may be constituted by a permanent
magnet type 3-phase AC synchronous motor, and serves for
rotationally driving drive wheels W provided for the electric
vehicle V.

The inverter 70 converts DC output from the fuel cell 10
and the high-voltage battery 20 into AC and supplies the AC
for the electric motor 60, in accordance with instructions on
torque specified for the voltage control unit 50, which is sent
from the auxiliary vehicle controller 90.

The DC/DC converter 80 serves for converting a high
voltage taken out of the fuel cell 10 and the high-voltage
battery 20 into a low voltage of 12V compatible to the low-
voltage battery 30.

As shown in FIG. 2, the auxiliary vehicle controller 90
includes a CPU 91, a memory 92, an I/O interface 93, a
low-voltage battery connection detector 94, a high-voltage
contactor control circuit 95, a hydrogen shut-off valve control
circuit 96 and so on. One end of the auxiliary vehicle control-
ler 90 is grounded, and the other thereof'is connected with the
DC/DC converter 80, the low-voltage battery 30, the vehicle
speed sensor 100, and the alert lamp 101, etc. (see FIG. 1).

The memory 92 stores a determination value for setting the
high-voltage contactor 40 as “ON (closed)” and a determina-
tion value for setting the contactor 40 as “OFF (opened)”

The low-voltage battery connection detector 94 includes a
connection cable 94a, resistors R1, R2, and a comparator 945
and so on.

One end of the connection cable 944 is connected with an
inner circuit of the auxiliary vehicle controller 90 and the
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other end thereof is connected with a terminal of the negative
pole of the low-voltage battery 30 (see FIG. 3).

One end of the resistor R1 is connected with the connection
cable 944 and the other thereof is connected with the I/O
interface 93 through the comparator 945. One end of the
resistor R2 is connected with a point between the resistor R1
and the comparator 945, and the other thereof is applied with
a voltage of +12V.

The comparator 945 is a comparison circuit, and one end of
an input side of the comparator 945 is applied with a prede-
termined voltage and the other end thereof is connected with
the resistors R1, R2, and an output side of the comparator 945
is connected with the 1/O interface 93.

The high-voltage contactor control circuit 95 serves for
sending control signals to control a connection status of the
high-voltage contactor 40, and is connected with the I/O
interface 93.

The hydrogen shut-oft valve control circuit 96 serves for
sending control signals to control open/close of the hydrogen
shut-off valve 12, and is connected with the I/O interface 93.

The vehicle speed sensor 100 serves for detecting a travel-
ing speed of the electric vehicle V.

The alert lamp 101 is provided on a position where a driver
of the electric vehicle V visibly notices that the lamp is
lighted, so that the alert lamp 101 warns the driver by lighting
the lamp when the connection between the battery cable C of
the low-voltage battery 30 and the body Vs of the electric
vehicle V becomes disconnected. The way of alerting the
driver is not limited to using such a lamp, but the alert may be
provided in speech form.

The auxiliary vehicle controller 90 is connected via a con-
trol line with those components such as the hydrogen shut-off
valve 12, the air compressor 13, the high-voltage contactor for
fuel cell 40A, the high-voltage contactor for battery 40B, the
vehicle speed sensor 100 and the alert lamp 101. With the
above configuration, the auxiliary vehicle controller 90 con-
trols open/close of the hydrogen shut-off valve 12, rotation
speed ofthe air compressor 13, open/close of the high-voltage
contactor for fuel 40A and the high-voltage contactor for
battery 40B, and “ON/OFF” of the alert lamp 101. The aux-
iliary vehicle controller 90 also receives information on
vehicle traveling speed from the vehicle speed sensor 100.

Hereinafter, descriptions will be provided on operations of
the electric vehicle V according to the present embodiment,
with reference to FIG. 4 (see FIGS. 1 and 3 if necessary).
First, the auxiliary vehicle controller 90 determines whether
or not the high-voltage contactor 40 (the high-voltage con-
tactor for fuel 40A and the high-voltage contactor for battery
40B) is “ON (closed)” at S100 of FIG. 4. At S100, if it is
determined that the high-voltage contactor 40 is not “ON”
(“No” at S100), the auxiliary vehicle controller 90 returns to
“Start” and repeats the operation at S100.

At 8100, if it is determined that the high-voltage contactor
40 is “ON” (“Yes” at S100), the auxiliary vehicle controller
90 proceeds to S101 and determines whether or not the con-
nection of the battery cable C is “OFF”. It should be noted that
an expression “the connection state of the battery cable C is
“OFF (disconnected)” means herein that the connection
between the low-voltage battery 30 and the body Vs (of the
electric vehicle V) is disconnected for the following reasons:
the battery cable C has come off from the body Vs or the
terminal of the low-voltage battery 30; or an operator inten-
tionally takes the cable C thereof for the purpose of disassem-
bling or maintenance/checks; or the battery cable C itself is
cut off, etc.

If the connection between the low-voltage battery 30 and
the body Vs is disconnected, in the auxiliary vehicle control-
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ler 90 as shown in FIG. 2, a voltage of +12V is applied on the
resistor R2 and then is input to the comparator 945, so that
signals corresponding to the input voltage of 12V is output
through the comparator 944 to the /O interface 93. The CPU
91 of the auxiliary vehicle controller 90 compares the signal
output from the comparator 945 with the determination value
previously stored on the memory 92, and generates a signal
for setting the high-voltage contactor 40 as “OFF” and send
the signal to the high-voltage contactor control circuit 95.

If the connection between the low-voltage battery 30 and
the body Vs is connected in a normal state, a voltage based on
a resistance ratio between the resistor R1 and the resistor R2
is input to the comparator 945, and a signal corresponding to
the input voltage based on the resistance ratio is output
through the comparator 944 to the /O interface 93. The CPU
91 of the auxiliary vehicle controller 90 compares the signal
output from the comparator 945 with the determination val-
ues previously stored on the memory 92, and generates the
signal for setting the high-voltage contactor 40 as “ON” and
send the signal to the high-voltage contactor control circuit
95.

At S101, if it is determined that the connection of the
battery cable C is not “OFF” (*No” at S101), that is, the
battery cable C is connected with the body Vs in a normal
state, the auxiliary vehicle controller 90 returns to “Start” and
repeats the operation at S100.

At S101, if it is determined that the connection of the
battery cable C is “OFF” (*“Yes” at S101), the auxiliary
vehicle controller 90 proceeds to S102, without setting the
high-voltage contactor 40 as “OFF”. At S102, the auxiliary
vehicle controller 90 determines whether or not the traveling
speed value obtained from the vehicle speed sensor 100 is
smaller than the predetermined value, and if it is determined
that the traveling speed value is smaller than the predeter-
mined value (“Yes” at S102), the auxiliary vehicle controller
90 determines that the value shows that the vehicle can be
stopped immediately, and proceeds to S104 to close the
hydrogen shut-oft valve 13. Accordingly, the hydrogen sup-
ply from the fuel tank 11 to the fuel cell 10 is shut off, so that
power generation at the fuel cell 10 is stopped. It should be
noted that the “predetermined value” may be “0 km/h (still
state)” or a low traveling speed value (low-speed state), and
the “low-speed state” means a speed at which the electric
vehicle V can be stopped immediately without causing any
serious trouble.

Following the above steps, the auxiliary vehicle controller
90 proceeds to S105, so as to control the internal pressure of
the fuel cell 10.

Even after the hydrogen shut-off valve 13 is closed, hydro-
gen still remains at a high pressure in the fuel cell 10. There-
fore, if the air compressor 13 is stopped at the same time of the
hydrogen shut-off, a significant difference in internal pres-
sure exists between the anode and the cathode, which may
cause a serious trouble in the fuel cell 10. This process at S105
is provided for preventing such a trouble in the fuel cell 10.
The embodiment of the present invention provides an
example of controlling a difference in internal pressure ther-
ebetween, where, after the hydrogen shut-off valve 13 is
closed, the rotation speed of the motor of the air compressor
13 is gradually lowered to reduce the difference in pressure
between the anode and the cathode, so that the internal pres-
sure of the fuel cell 10 is appropriately controlled, whereby
preventing the above mentioned trouble in the fuel cell 10.

Then, the auxiliary vehicle controller 90 proceeds to S106
so0 as to set the high-voltage contactor 40 (the high-voltage
contactor for fuel cell 40 A and the high-voltage contactor for
battery 40B) as “OFF” through the high-voltage contactor
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control circuit 95. Accordingly, the electric power supplies
from the fuel cell 10 and the high-voltage battery 20 are
shut-off, respectively.

Now, if the auxiliary vehicle controller 90 determines at
S102 that the traveling speed value equals to the predeter-
mined value or more (“No” at S102), the auxiliary vehicle
controller 90 determines that the electric vehicle V is in a
driving state, and then proceeds to S103, at which the alert
lamp 101 is lighted to warn the driver of a disconnection
between the low-voltage battery 30 and the body Vs. At this
step, the alert lamp 101 is kept on until the traveling speed
value becomes smaller than the predetermined value (“Yes”
at S102).

According to the embodiment of the present invention,
even in a case in which the electric vehicle V is in a still state
with the ignition switch “ON”, for example, because the
operator forgot switching off the ignition switch when disas-
sembling or doing a maintenance/check operation on the
vehicle V, it is possible to disconnect the electric power sup-
plies from the fuel cell 10 and the high-voltage battery 20 of
the high-voltage system, simply by taking the battery cable C
off the terminal of the low-voltage battery 30 or off the body
Vs. Therefore, it is possible to eliminate conventional tedious
operations of shutting off the electric power supplies from the
fuel cell 10 and the high-voltage battery 20 and then confirm-
ing the shut-off of the electric power supplies.

According to the embodiment of the present invention,
while the vehicle V is in a driving state, switching “ON” or
“OFF” of the high-voltage contactor 40 is determined
depending on the traveling speed of the vehicle V, whereby
preventing such a trouble that the vehicle V suddenly stops
when the electric power supplies from the fuel cell 10 and the
high-voltage battery 20 are shut-off during the driving.

According to the embodiment of the present invention, the
electric vehicle V is configured in such a manner that the
high-voltage contactor 40 is connectedly provided between
the electric motor 60 and the high-voltage power source;
specifically, between the electric motor 60 and the fuel cell 10
serving as one high-voltage power source and also between
the electric motor 60 and the high-voltage battery 20 serving
as the other high-voltage power source, respectively. Accord-
ingly, if the connection between the low-voltage battery 30 of
12V and the vehicle body Vs is disconnected, it is possible to
shut-off the electric power supplies from the fuel cell 10 and
the high-voltage battery 20 to the motor 60, so as to ensure the
electric motor 60 to stop.

For example, in a case of an electric vehicle provided with
a fuel cell such as the fuel cell 10 of the embodiment of the
present invention, according to the embodiment of the present
invention, it is possible to ensure the fuel cell 10 to stop the
operation thereof by setting the high-voltage contactor 40 as
“OFF” as well as closing the hydrogen shut-off valve 12.

For example, according to the embodiment of the present
invention, in such a structure that the high-voltage power
source (for example, the fuel cell 10 in FIG. 1) is connected
through the VCU 50 with the electric motor 60, it is possible
to shut off the electric power supply from the high-voltage
power source by switching “OFF” the high-voltage contactor
40 in concert with cut-off of the electric power supply from
the low-voltage battery 30, so as to prevent the VCU 50 from
excessive voltage caused by the cut-off of the low-voltage
battery 30, whereby protecting the VCU 50 and the electric
motor 60.

The present invention is not limited to a case of a fuel cell
vehicle (FCV), and may also be applicable to such a case of an
electric vehicle (EV) including a hybrid electric vehicle
(HEV). A capacitor including an electric double layer capaci-
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tor or an electrolytic capacitor or the like may be used as a
high-voltage power source as a substitute for the high-voltage
battery 20.

According to the present invention, it is possible to facili-
tate and ensure an operation of shutting off electric power
supplies from a low-voltage battery and a high-voltage bat-
tery, as well as an operation of confirming the shut-off
thereof.

The embodiments according to the present invention have
been explained as aforementioned. However, the embodi-
ments of the present invention are not limited to those expla-
nations, and those skilled in the art ascertain the essential
characteristics of the present invention and can make the
various modifications and variations to the present invention
to adapt it to various usages and conditions without departing
from the spirit and scope of the claims.

What is claimed is:

1. An electric vehicle comprising:

ahigh-voltage power source at least including a first power
source;

a low-voltage battery that is supplied with electric power
from the high-voltage power source through a converter;

an auxiliary vehicle controller for controlling a high-volt-
age contactor with electric power supplied from the
high-voltage power source through the converter or with
electric power supplied from the low-voltage battery;

the high-voltage contactor being connectedly provided
between the high-voltage power source and the auxiliary
vehicle controller;

an electric motor driving with electric power supplied from
the high-voltage power source,

avehicle speed sensor for detecting a traveling speed of the
electric vehicle; and

a low-voltage battery connection detector for detecting a
connection state between the low-voltage battery and the
electric vehicle,

wherein

using the electric power supplied from the high-voltage
power source through the converter directly to the aux-
iliary vehicle controller, the auxiliary vehicle controller
controls the high-voltage contactor in such a manner that
the electric power supply from the high-voltage power
source is shut off if:

the electric power supply from the low-voltage battery to
the auxiliary vehicle controller is cut off,

the low-voltage battery connection detector detects a dis-
connection state between the low-voltage battery and the
electric vehicle, and

itis determined that the traveling speed value of the electric
vehicle obtained on the vehicle speed shows at least that
the vehicle is in a still state or in a low-speed state, and

using the electric power supplied from the high-voltage
power source through the converter directly to the aux-
iliary vehicle controller, the auxiliary vehicle controller
further controls the high-voltage contactor in such a
manner that the electric power supply from the high-
voltage power source is not shut off if:

the electric power supply from the low-voltage battery to
the auxiliary vehicle controller is cut off,

the low-voltage battery connection detector detects a dis-
connection state between the low-voltage battery and the
electric vehicle, and

itis determined that the traveling speed value of the electric
vehicle obtained on the vehicle speed sensor shows at
lest that the vehicle is not in a still state or in a low-speed
state.
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2. The electric vehicle according to claim 1, wherein the
high-voltage contactor is connectedly provided between the
high-voltage power source and the electric motor.

3. The electric vehicle according to claim 1, wherein

the high-voltage power source at least includes a fuel cell
that is supplied with fuel gas and oxidizer gas so as to
generate electric power, as the first power source thereof,

the fuel cell is connected with a fuel tank for supplying the
fuel gas,

a fuel gas shut-off valve is provided between the fuel cell
and the fuel tank, and

the auxiliary vehicle controller controls the fuel gas shut-
off valve to shut off the fuel gas supplied from the fuel
tank to the fuel cell if the electric power supplied from
the low-voltage battery to the auxiliary vehicle control-
ler is cut off.

4. The electric vehicle according to claim 2, wherein

the high-voltage power source at least includes a fuel cell
that is supplied with fuel gas and oxidizer gas so as to
generate electric power, as the first power source thereof,

the fuel cell is connected with a fuel tank for supplying the
fuel gas,

a fuel gas shut-off valve is provided between the fuel cell
and the fuel tank, and

the auxiliary vehicle controller controls the fuel gas shut-
off valve to shut off the fuel gas supplied from the fuel
tank to the fuel cell if the electric power supplied from
the low-voltage battery to the auxiliary vehicle control-
ler is cut off.

5. The electric vehicle according to claim 1, wherein

the high-voltage power source further includes a high-
voltage battery as a second power source that is a differ-
ent power source from the first power source,

the first power source and the second power source of the
high-voltage power source are connected in parallel with
the electric motor,

a voltage control unit for controlling currents taken out of
the high-voltage power source is connectedly provided
between the high-voltage power source and the electric
motor, and

the auxiliary vehicle controller controls the high-voltage
contactor to shut off the electric power supplied from the
high-voltage power source including the second power
source if the electric power supplied from the low-volt-
age battery to the auxiliary vehicle controller is cut off.

6. The electric vehicle according to claim 2, wherein

the high-voltage power source further includes a high-
voltage battery as a second power source that is a differ-
ent power source from the first power source,

the first power source and the second power source of the
high-voltage power source are connected in parallel with
the electric motor,

a voltage control unit for controlling currents taken out of
the high-voltage power source is connectedly provided
between the high-voltage power source and the electric
motor, and

the auxiliary vehicle controller controls the high-voltage
contactor to shut off the electric power supplied from the
high-voltage power source including the second power
source if the electric power supplied from the low-volt-
age battery to the auxiliary vehicle controller is cut off.

7. The electric vehicle according to claim 3, wherein

the high-voltage power source further includes a high-
voltage battery as a second power source that is a differ-
ent power source from the first power source,
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the first power source and the second power source of the
high-voltage power source are connected in parallel with
the electric motor,

a voltage control unit for controlling currents taken out of
the high-voltage power source is connectedly provided
between the high-voltage power source and the electric
motor, and

the auxiliary vehicle controller controls the high-voltage
contactor to shut off the electric power supplied from the
high-voltage power source including the second power
source if the electric power supplied from the low-volt-
age battery to the auxiliary vehicle controller is cut off.

8. The electric vehicle according to claim 4, wherein

the high-voltage power source further includes a high-
voltage battery as a second power source that is a differ-
ent power source from the first power source,

5

10

the first power source and the second power source of the
high-voltage power source are connected in parallel with
the electric motor,

a voltage control unit for controlling currents taken out of
the high-voltage power source is connectedly provided
between the high-voltage power source and the electric
motor, and

the auxiliary vehicle controller controls the high-voltage
contactor to shut off the electric power supplied from the
high-voltage power source including the second power
source if the electric power supplied from the low-volt-
age battery to the auxiliary vehicle controller is cut off.



